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ABSTRACT 

Introduction: Non-Alcoholic Fatty Liver Disease  and Non-Alcoholic Steatohepatitis have emerged as significant public 

health concerns, closely linked to metabolic syndrome. This study aimed to assess the prevalence, associated risk factors, 

and pharmacological approaches for managing NAFLD/NASH. 

Material And Methods: A cross-sectional study was conducted on 191 adult patients diagnosed with NAFLD or NASH 

based on clinical assessments, laboratory parameters, and imaging findings. Data on demographics, comorbidities, 

pharmacological treatments, and biochemical markers were analyzed to evaluate disease severity and treatment patterns. 

Results: NAFLD was most prevalent among middle-aged adults (40–50 years), with a male predominance. Obesity (46.07%) 

and overweight status (30.36%) were the most common risk factors. Fibroscan findings indicated that 49.73% of patients 

had moderate fibrosis, while 17.80% had severe fibrosis. Elevated aspartate aminotransferase(AST),alanine 

aminotransferase( ALT), and ferritin levels were significantly associated with fibrosis severity. Pharmacological 

management predominantly involved vitamin E (46.07%), atorvastatin (43.97%), metformin (25.65%), and GLP-1 receptor 

agonists (29.84%), reflecting a growing focus on metabolic modulation in NAFLD treatment. 

Conclusion: The study reinforces the strong association between NAFLD and metabolic dysfunction. While no FDA-

approved treatment exists, the current therapeutic landscape relies on insulin sensitizers, lipid-lowering agents, and 

antioxidants. Early diagnosis and intervention through metabolic control remain crucial in mitigating disease progression. 

Further research is warranted to establish standardized treatment guidelines and assess long-term outcomes of 

pharmacological interventions. 

 

Keywords: Insulin Resistance, Non-Alcoholic Fatty Liver Disease, Non-Alcoholic Steatohepatitis, NAFLD, Metabolic 

Syndrome, Pharmacological Management. 

1. INTRODUCTION 

Hepatic steatosis is a key feature of NAFLD, excluding cases caused by alcohol or other hepatotoxic substances. NAFLD, 

now the leading cause of chronic liver disease worldwide, progresses due to lipotoxicity, oxidative stress, and lipid 

accumulation[1]. It encompasses a spectrum of conditions, including NAFL and NASH, differentiated by histological 

findings. Defined by steatosis in over 5% of hepatocytes, NAFLD is closely linked to metabolic disorders like obesity and 

type 2 diabetes[2]. First termed by Schaffner in 1986, the disease contributes to insulin resistance, with a notably higher 

prevalence among individuals with T2DM[3,4]. 

NAFLD encompasses various pathological conditions, necessitating tailored treatment strategies. Its progression includes 

simple fatty liver, steatohepatitis, fibrosis, cirrhosis, and potential hepatocellular carcinoma[5]. Despite its complexity, 

NAFLD is preventable by addressing key risk factors[6].In Europe, NAFLD prevalence ranges from 2% to 44%, even among 

obese children, with type 2 diabetes affecting 42.6% to 69.5%. Compared to other ethnic groups, Indians show higher insulin  
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resistance and hepatic lipid content. As a metabolic syndrome manifestation, NAFLD awareness is rising, though 

standardized diagnostic criteria remain lacking[5]. 

NAFLD prevalence remains uncertain in India, though obesity is strongly linked to fatty liver, with 91% of obese individuals 

showing signs on ultrasonography[7-9]. The AST-ALT ratio helps differentiate NAFLD from alcoholic liver disease. Rising 

obesity, diabetes, and insulin resistance may contribute to increasing NAFLD cases. Key risk factors include obesity, type 2 

diabetes, dyslipidemia, hypertension, and cyclic weight loss, which also elevate cardiovascular disease risk. Managing 

NAFLD requires addressing underlying metabolic conditions[10]. While excess triglyceride accumulation leads to hepatocyte 

enlargement and inflammation, the disease progression differs between NAFLD and alcoholic liver disease[11]. 

The PNPLA3 GG variant in NASH patients is linked to higher AST levels and advanced fibrosis compared to the CC 

variant[12]. Insulin resistance plays a key role in NAFLD/NASH development, but insulin sensitizers can enhance hepatic 

insulin sensitivity and liver function. Pioglitazone, a type 2 diabetes drug, improves insulin signaling, enhances fat and 

glucose metabolism, and lowers hepatic gluconeogenesis. It also mitigates hepatic steatosis and inflammation by modulating 

PPARγ signaling and mitochondrial gene expression[13-15].  

Additionally, NASH progression and fibrosis involve both canonical and non-canonical Wnt signaling pathways[16].The 

tumour suppressor gene p53 plays a key role in NAFLD and NASH progression. Studies indicate that GLP-1 agonists do not 

lower NAFLD risk compared to insulin. Various miRNAs influence NAFLD/NASH by modulating signaling pathways[17]. 

Among treatments, vitamin E and pioglitazone have shown the most effectiveness[18].No medication is specifically approved 

for NAFLD treatment. However, drugs for metabolic syndrome conditions like diabetes and dyslipidemia are often used[19]. 

Since neither the USFDA nor EMA has authorized a specific NAFLD drug, its treatment relies on off-label use of existing 

medications[20].Clinical studies for NAFLD have involved treatments with pioglitazone for 6–36 months and vitamin E for 

6–24 months[21-22].  

Many NAFLD patients also experience hypertension and are often overweight[24-25]. Physical exams frequently reveal 

hepatomegaly[26]. Biochemically, these patients may show impaired insulin sensitivity, hyperglycemia, hyperinsulinemia, 

and hyperlipidemia. Aminotransferases are typically mildly elevated, with an AST/ALT ratio of less than 1, unless cirrhosis 

is present. Serum aminotransferase levels vary with disease progression[23,27-29]. Histologically, NAFLD with normal 

aminotransferases may show benign steatosis or cirrhosis[30].Gamma-glutamyl transpeptidase (GGT) levels may be elevated 

in NAFLD patients but are not reliable for diagnosing NASH[31,32].  

Ferritin levels are often increased and could indicate severe fibrosis, inflammation, or steatosis[33-34]. While imaging 

techniques like MRI, CT, and ultrasound are helpful for detecting NAFLD, they cannot distinguish between benign steatosis 

and NASH[35-36]. MRI can accurately measure liver triglyceride content but is costly. Various treatments for disease 

progression, including PUFA supplementation, vitamin E, thiazolidinediones, and statins, target the pathophysiological 

mechanisms, focusing on lipid peroxidation, diabetes, and dyslipidemia[37-38]. 

2. MATERIALS AND METHODS 

Study Design and Setting 

This was a multicenter, observational study conducted at two medical institutions:The study aimed to evaluate the prevalence 

of comorbidities and pharmacological treatment strategies in patients diagnosed with NAFLD and NASH. Data were 

collected retrospectively from patients’ medical records over a six-month period. 

Study Population 

A total of 191 patients, both male and female, with confirmed diagnoses of NAFLD or NASH, were included in the study. 

Patients were selected based on the following criteria: 

Inclusion Criteria 

• Patients of all ages and both genders, with a confirmed diagnosis or suspected diagnosis of NAFLD or NASH, were 

eligible for inclusion in the study. 

• Patients with any form of hepatic disease. 

Exclusion Criteria 

• Patients unwilling to participate or unable to provide informed consent. 

• Pregnant women diagnosed with NAFLD or NASH. 

Data Collection 

Data were obtained using a structured patient data collection form, which included information on demographics (age, 

gender), BMI, medical history, comorbid conditions, laboratory investigations, and treatment details. Data were gathered 

from the patients' OPD records, hospital medical files, and laboratory reports. 
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Assessment of Comorbidities 

Comorbid conditions such as hypertension, diabetes mellitus, hyperlipidemia, hypertriglyceridemia, hypothyroidism, and 

hyperthyroidism were documented. Additionally, the presence of diabetic dyslipidemia and other metabolic disorders was 

noted. 

Liver Function and Fibrosis Assessment 

Liver function was evaluated using laboratory markers, including AST and ALT levels. Fibrosis was assessed using non-

invasive methods, primarily Fibroscan and ultrasound, to categorize patients into mild (F1), moderate (F2), and severe 

fibrosis (F3) groups. These scores were further corroborated by ultrasound findings indicating the severity of fatty infiltration 

in the liver. 

Pharmacological Treatment 

The study also evaluated the pharmacological treatment strategies employed in the management of NAFLD and NASH. The 

medications used were categorized as hypolipidemic agents, antioxidants, and antidiabetic medications.  

Data Analysis 

Data were entered into Microsoft Excel and analyzed using a combination of descriptive and inferential statistics. Descriptive 

statistics, including counts, percentages, and mean values, were utilized to provide an overarching summary of categorical 

and continuous variables across the study population.  

Ethical Considerations 

Ethical approval for the study was obtained from the Institutional Ethics Committee PUIECHR/PIMSR/00/081734/6501. 

The study was conducted following the ethical guidelines for biomedical research involving human subjects, and informed 

consent was obtained from all patients before data collection. 

3. RESULTS 

1. Age-wise distribution of patients:  

The following table presents the distribution of NAFLD/NASH patients across different age groups, along with a 

breakdown by gender. The highest prevalence is observed in individuals aged 40–50 years, highlighting middle-

aged adults as the most affected demographic. This finding aligns with existing literature indicating that metabolic 

dysfunction, which increases with age, contributes to the pathogenesis of NAFLD/NASH. 

Table 1. Age-wise distribution of patients 

Age Group 

(years) Male Female 

Total Patients 

(n=191) 

MEAN  

VALUE 

<30 18(9.42%) 20(10.47%) 38  

 

X̅ =38.2 

30-40 27(14.13%) 25(13.08%) 52 

40-50 36(18.84%) 28(14.65%) 64 

50-60 11(5.75%) 14(7.32%) 25 

> 60 8(4.18%) 4(2.09%) 12 

         

2. Comorbidities in patients diagnosed 

The following table outlines the prevalence of common comorbidities associated with NAFLD/NASH, including diabetes 

mellitus (DM), hypertension (HTN), dyslipidemia, hypertriglyceridemia, obesity, and overweight status. Obesity (46.07%) 

and overweight status (30.36%) emerge as the most significant risk factors, reinforcing their role in hepatic lipid 

accumulation and disease progression. The high prevalence of metabolic disorders among these patients underscores the 

need for comprehensive metabolic control in NAFLD management. 
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Table 2. Comorbidities in patients diagnosed 

Comorbidities Male Female 

Total Patients 

(n=191) 

MEAN  

VALUE 

DM 34(17.80%) 25(13.08%) 59  

 

X̅ =31.83 

HTN 31(16.23%) 22(11.51%) 53 

Dyslipidemia 45(23.56%) 33(17.27%) 78 

Hypertriglyceridemia 21(10.99%) 24(12.56%) 45 

Obese 46(24.08%) 42(21.98%) 88 

Over Weight 58(30.36%) 45(23.56%) 103 

 

Figure 1. Comorbidities in patients diagnosed 

3. Fibroscan results categorizing liver fibrosis severity 

The following table categorizes patients based on Fibroscan findings into mild, moderate, and severe fibrosis stages. A 

considerable proportion of patients (49.73%) exhibit moderate fibrosis, while 17.80% present with severe fibrosis. These 

results highlight the progressive nature of NAFLD and the potential risk for cirrhosis, emphasizing the importance of early 

intervention to prevent advanced hepatic fibrosis. 

Table 3. Fibroscan results categorizing liver fibrosis severity 

Fibroscan Percentage 

Total Patients 

(n=191) 

MEAN  VALUE 

Mild 32.46% 62  

X̅ =63.67 Moderate 49.73% 95 

Severe 17.80% 34 

             

4. Pharmacological treatments used 

The following table summarizes the pharmacological agents prescribed for NAFLD/NASH management, including 

antioxidants, lipid-lowering agents, and insulin sensitizers. The most frequently prescribed medications are vitamin E 

(46.07%), atorvastatin (43.97%), metformin (25.65%), and GLP-1 receptor agonists such as liraglutide (29.84%) and 

semaglutide (23.56%). These findings reflect the evolving therapeutic landscape, where metabolic modulation remains a 

cornerstone in NAFLD treatment, despite the lack of FDA-approved pharmacological interventions. 
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Table 4. Pharmacological treatments used 

Drugs Percentage No. of Patients 

metformin 25.65% 49 

Udi-hep 40.83% 78 

Atorvastatin 43.97% 84 

Liraglutide 29.84% 57 

Vit-E 46.07% 88 

Saroglitazar 19.89% 38 

Pioglitazone 22.51% 43 

Rosuvastatin 17.27% 33 

semaglutide 23.56% 45 

           

 

Figure 2. Pharmacological treatments used 

5. Biochemical Parameters and Their Association with Fibrosis Severity 

This table presents an overview of key biochemical markers, including triglycerides, ferritin, AST, ALT, and HbA1c levels, 

and their correlation with NAFLD severity. A significant proportion of patients exhibit elevated liver enzymes and 

dysregulated glucose metabolism, reinforcing their role in disease progression. Patients with severe fibrosis demonstrate 

markedly higher levels of these biomarkers, indicating that hepatic injury and metabolic disturbances exacerbate fibrosis. 

These findings highlight the necessity of biochemical monitoring for early diagnosis, risk stratification, and timely metabolic 

intervention to prevent disease progression. 

Table 5. Biochemical parameters 

Laboratory Reports MEAN  VALUE 

Triglycerides   

100-200  15.70% 30 
 

X̅ =38.2 

 

200-300  37.69% 72 

300-400  19.37% 37 
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400-500  14.65% 28  

 >500  12.56% 24 

Total  100%  N=191  

Ferritin  

100-200 27.22% 52 

X̅ =63.66 

 

 

200-300 39.79% 76 

300-400 34.03% 65 

Total  100%  N=191 

AST 

<50  16.23% 31 

X̅ =47.75 

 

 

50-60  36.12% 69 

60-70  32.46% 62 

>70  15.18% 29 

Total  100%  N=191 

ALT    

50-60  8.37% 16 

X̅ =38.2 

 

 

60-70  24.08% 46 

70-80  30.36% 58 

80-90  24.08% 46 

>90  13.08% 25 

Total  100%  N=191 

HbA1c 

<6 28.79% 55 

X̅ =63.66 

 

 

Between 6-7 49.21% 94 

>7 21.98% 42 

Total  100%  N=191 

 

Parameter Mild Moderate Severe 

AST 48(25.13%) 84(43.97%) 59(30.89%) 

ALT 43(22.51%) 89(46.59%) 59(30.89%) 

Triglycerides 60(31.41%) 78(40.83%) 53(27.74%) 

Ferritin 52(27.22%) 76(39.79%) 65(34.03%) 

HbA1c 55(28.79%) 94(49.21%) 42(21.98%) 
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Figure 3. Biochemical parameters 

4. DISCUSSION 

The findings of this study underscore the significant burden of Non-Alcoholic Fatty Liver Disease (NAFLD) and Non-

Alcoholic Steatohepatitis (NASH) within the study population, reflecting a growing global prevalence. This trend aligns with 

previous epidemiological studies indicating that NAFLD prevalence is closely associated with metabolic disorders such as 

obesity, type 2 diabetes mellitus (T2DM), dyslipidemia, and hypertension. The predominance of NAFLD in middle-aged 

adults, particularly those aged 40–50 years, reinforces the role of metabolic dysfunction in disease progression.  

The higher prevalence among males compared to females could be attributed to differences in lifestyle, hormonal influences, 

and metabolic risk factors. The high incidence of obesity (46.07%) and overweight status (30.36%) among patients 

underscores the role of excess adiposity in hepatic steatosis. Obesity-related insulin resistance leads to hepatic lipid 

accumulation, oxidative stress, and inflammation, contributing to disease progression from simple steatosis to NASH.  

The presence of metabolic comorbidities, including diabetes (30.89%) and hypertension (27.74%), further supports the 

association between metabolic syndrome and NAFLD. These findings are consistent with global studies emphasizing 

metabolic dysfunction as the primary driver of NAFLD development39. 

Fibroscan analysis revealed that nearly half of the patients (49.73%) had moderate fibrosis, while 17.80% exhibited severe 

fibrosis, suggesting a significant proportion of individuals at risk for cirrhosis and related complications. The correlation 

between fibrosis severity and biochemical markers, including elevated AST, ALT, and ferritin levels, indicates that hepatic 

injury and inflammation are integral to disease progression. The observed increase in HbA1c levels with advancing fibrosis 

severity suggests a strong link between glycemic control and NAFLD progression, reinforcing the need for comprehensive 

metabolic management in affected individuals. Pharmacological interventions were diverse, with vitamin E (46.07%) and 

atorvastatin (43.97%) being the most frequently prescribed agents. The use of vitamin E aligns with its known antioxidant 

properties, which help reduce hepatic inflammation and steatosis in NASH patients. This is supported by meta-analyses 

confirming the efficacy of vitamin E supplementation in improving liver function and histologic changes in patients with 

NAFLD and NASH40. Statins, widely used for dyslipidemia, may offer additional hepatoprotective benefits by modulating 

lipid metabolism and reducing cardiovascular risk. Studies have demonstrated that statin therapy can improve liver steatosis 

and reduce the expression of fibrotic genes in NAFLD patients41. The significant use of insulin sensitizers, including 

metformin (25.65%) and pioglitazone (22.51%), highlights the therapeutic focus on improving insulin sensitivity and 

reducing hepatic fat accumulation.  

The inclusion of GLP-1 receptor agonists such as liraglutide (29.84%) and semaglutide (23.56%) suggests a growing interest 

in novel therapies targeting both metabolic and hepatic pathways in NAFLD.The study findings emphasize the need for early 

identification and targeted interventions for NAFLD patients, particularly those with metabolic comorbidities. The absence 

of an approved pharmacological treatment for NAFLD necessitates a multifaceted approach that includes lifestyle 

modifications alongside pharmacotherapy. Given the progressive nature of NAFLD, further longitudinal studies are required 

to assess the long-term impact of pharmacological treatments on disease progression and clinical outcomes42. 

5. CONCLUSION 

The study highlights the increasing prevalence of NAFLD and NASH, with a significant correlation to metabolic disorders 

such as obesity, type 2 diabetes, and dyslipidemia. The findings confirm that middle-aged adults, particularly males, are at a 

higher risk, with nearly half of the study population exhibiting moderate fibrosis. The association between fibrosis severity 

and elevated biochemical markers, such as AST, ALT, and ferritin, underscores the need for early identification and risk 

stratification. 

Pharmacological management primarily included vitamin E, atorvastatin, metformin, and GLP-1 receptor agonists, reflecting 

an evolving therapeutic approach targeting hepatic steatosis and metabolic dysfunction. The absence of an FDA-approved 
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treatment for NAFLD emphasizes the necessity for a multimodal strategy integrating pharmacological and lifestyle 

interventions. Given the progressive nature of NAFLD, further prospective studies are required to assess long-term treatment 

outcomes and the effectiveness of emerging therapies. 

The findings underscore the urgent need for improved screening and early intervention strategies in high-risk individuals. 

Public health initiatives promoting metabolic health, lifestyle modifications, and targeted pharmacotherapy could mitigate 

the rising burden of NAFLD and its complications. 

6. ACKNOWLEDGEMENTS  

We would like to express our sincere gratitude to the patients and staff at Parul Sevashram Hospital, Waghodia, and the 

International Gastro Institute, Vadodara, Gujarat, for their invaluable contributions to this study. We also extend our thanks 

to the Institutional Ethics Committee of Parul Sevashram Hospital for their support and guidance throughout the research 

process. Additionally, we acknowledge the efforts of all the healthcare professionals who assisted in the data collection and 

analysis. Special thanks to Parul University for providing the necessary resources for this study. 

Financial support and sponsorship: Not Applicable 

Conflicts of interest: There are no conflicts of interest. 

REFERENCES 

[1] Guo, X., Yin, X., Liu, Z., & Wang, J. (2022). Non-Alcoholic Fatty Liver Disease (NAFLD) Pathogenesis and 

Natural Products for Prevention and Treatment. International Journal of Molecular Sciences, 23(24). 

https://doi.org/10.3390/ijms232415489 

[2] Chalasani, N., Younossi, Z., Lavine, J. E., Diehl, A. M., Brunt, E. M., Cusi, K., Charlton, M., & Sanyal, A. J. 

(2012). The diagnosis and management of non-alcoholic fatty liver disease: Practice Guideline by the American 

Association for the Study of Liver Diseases, American College of Gastroenterology, and the American 

Gastroenterological Association. Hepatology, 55(6), 2005-2023. https://doi.org/10.1002/hep.25762 

[3] Milić, S., Lulić, D., & Štimac, D. (2014). Non-alcoholic fatty liver disease and obesity: Biochemical, metabolic 

and clinical presentations. World Journal of Gastroenterology : WJG, 20(28), 9330-9337. 

https://doi.org/10.3748/wjg.v20.i28.9330 

[4] Leoni, S., Tovoli, F., Napoli, L., Serio, I., Ferri, S., & Bolondi, L. (2018). Current guidelines for the management 

of non-alcoholic fatty liver disease: A systematic review with comparative analysis. World Journal of 

Gastroenterology, 24(30), 3361-3373. https://doi.org/10.3748/wjg.v24.i30.3361 

[5] Han, S. K., Baik, S. K., & Kim, M. Y. (2023). Non-alcoholic fatty liver disease: Definition and subtypes. 

Clinical and Molecular Hepatology, 29(Suppl), S5. https://doi.org/10.3350/cmh.2022.0424 

[6] The Lancet Gastroenterology Hepatology. Redefining non-alcoholic fatty liver disease: what's in a name? 

Lancet Gastroenterol Hepatol. 2020 May;5(5):419. doi: 10.1016/S2468-1253(20)30091-1. PMID: 32277896. 

[7] Singh, S. P., Singh, A., Misra, D., Misra, B., Pati, G. K., Panigrahi, M. K., Kar, S. K., Bhuyan, P., Pattnaik, K., 

Meher, C., Agrawal, O., Rout, N., Swain, M., & Aich, P. (2015). Risk Factors Associated With Non-Alcoholic 

Fatty Liver Disease in Indians: A Case–Control Study. Journal of Clinical and Experimental Hepatology, 5(4), 

295-302. https://doi.org/10.1016/j.jceh.2015.09.001 

[8] Kudaravalli P, John S. Nonalcoholic Fatty Liver. [Updated 2023 Apr 7]. In: StatPearls [Internet]. Treasure 

Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK541033/ 

[9] Patell, R., Dosi, R., Joshi, H., Sheth, S., Shah, P., & Jasdanwala, S. (2013). Non-Alcoholic Fatty Liver Disease 

(NAFLD) in Obesity. Journal of Clinical and Diagnostic Research : JCDR, 8(1), 62-66. 

https://doi.org/10.7860/JCDR/2014/6691.3953 

[10] Amarapurkar, et al. Prevalence of non-alcoholic fatty liver disease: population based study. Ann 

Hepatol. 2007;6:161–3. 

[11] Duseja A. Nonalcoholic fatty liver disease in India--is it different? Trop Gastroenterol. 2006;27(4):142–6. 

[12] Bellentani S, Saccoccio G, Masutti F, et al. Prevalence of and risk factors for hepatic steatosis in northern 

Italy. Ann Intern Med. 2000;132(2):112–7. 

[13] Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F. The burden of liver disease in 

Europe: a review of available epidemiological data. J Hepatol. 2013;58:593–608. 

doi: 10.1016/j.jhep.2012.12.005. 

[14] Zhang, C., & Yang, M. (2021). Current Options and Future Directions for NAFLD and NASH Treatment. 

https://doi.org/10.3390/ijms232415489
https://doi.org/10.1002/hep.25762
https://doi.org/10.3748/wjg.v20.i28.9330
https://doi.org/10.3748/wjg.v24.i30.3361
https://doi.org/10.3350/cmh.2022.0424
https://doi.org/10.1016/j.jceh.2015.09.001
https://www.ncbi.nlm.nih.gov/books/NBK541033/
https://doi.org/10.7860/JCDR/2014/6691.3953


Aniket N Lalaji, Sattwik J Paul, Patel Dhruvi Pineshbhai, Ujjawal Sharma, Anas Jamsa 
 

pg. 83 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 11s 

 

International Journal of Molecular Sciences, 22(14). https://doi.org/10.3390/ijms22147571 

[15] Mazo D.F., Malta F.M., Stefano J.T., Salles A.P.M., Gomes-Gouvea M.S., Nastri A.C.S., Almeida J.R., Pinho 

J.R.R., Carrilho F.J., Oliveira C.P. Validation of PNPLA3 polymorphisms as risk factor for NAFLD and liver 

fibrosis in an admixed population. Ann. Hepatol. 2019;18:466–471. doi: 10.1016/j.aohep.2018.10.004. 

[16] Kamm D.R., Pyles K.D., Sharpe M.C., Healy L.N., Colca J.R., McCommis K.S. Novel insulin sensitizer 

MSDC-0602K improves insulinemia and fatty liver disease in mice, alone and in combination with 

liraglutide. J. Biol. Chem. 2021;296:100807. doi: 10.1016/j.jbc.2021.100807. 

[17] Smith U. Pioglitazone: Mechanism of action. Int. J. Clin. Pr. Suppl. 2001;121:13–18. 

[18] Panunzi S., Maltese S., Verrastro O., Labbate L., De Gaetano A., Pompili M., Capristo E., Bornstein S.R., 

Mingrone G. Pioglitazone and bariatric surgery are the most effective treatments for non-alcoholic 

steatohepatitis: A hierarchical network meta-analysis. Diabetes Obes. Metab. 2021;23:980–990. 

doi: 10.1111/dom.14304. 

[19] Kulkarni S., Huang J., Tycksen E., Cliften P.F., Rudnick D.A. Diet Modifies Pioglitazone’s Influence on 

Hepatic PPARγ-Regulated Mitochondrial Gene Expression. PPAR Res. 2020;2020:1–20. 

doi: 10.1155/2020/3817573. 

[20] Alshehri A.S., El-Kott A.F., El-Kenawy A.E., Khalifa H.S., AlRamlawy A.M. Cadmium chloride induces non-

alcoholic fatty liver disease in rats by stimulating miR-34a/SIRT1/FXR/p53 axis. Sci.Total 

Environ. 2021;784:147182. doi: 10.1016/j.scitotenv.2021.147182. 

[21] Xu Y., Zhu Y., Hu S., Xu Y., Stroup D., Pan X., Bawa F.C., Chen S., Gopoju R., Yin L., et al. Hepatocyte 

Nuclear Factor 4α Prevents the Steatosis-to-NASH Progression by Regulating p53 and Bile Acid Signaling (in 

mice) Hepatology. 2021;73:2251–2265. doi: 10.1002/hep.31604. 

[22] Furuta K., Guo Q., Pavelko K.D., Lee J.-H., Robertson K.D., Nakao Y., Melek J., Shah V.H., Hirsova P., 

Ibrahim S.H. Lipid-induced endothelial vascular cell adhesion molecule 1 promotes nonalcoholic steatohepatitis 

pathogenesis. J. Clin. Investig. 2021;131:e143690. doi: 10.1172/JCI143690. 

[23] Carr R.M. VCAM-1: Closing the gap between lipotoxicity and endothelial dysfunction in nonalcoholic 

steatohepatitis. J. Clin. Investig. 2021;131:e147556. doi: 10.1172/JCI147556. 

[24] Van Dalem J., Driessen J.H., Burden A.M., Stehouwer C.D., Klungel O.H., de Vries F., Brouwers M.C. 

Thiazolidinediones and Glucagon-like Peptide-1 Receptor Agonists and the Risk of Nonalcoholic Fatty Liver 

Disease: A Cohort Study. Hepatology. 2021 doi: 10.1002/hep.32012. 

[25] David D, Eapen CE. What are the current pharmacological therapies for nonalcoholic fatty liver disease?. 

Journal of Clinical and Experimental Hepatology. 2021 Mar 1;11(2):232-8. 

[26] Basaranoglu, M., & Neuschwander-Tetri, B. A. (2006). Nonalcoholic Fatty Liver Disease: Clinical Features 

and Pathogenesis. Gastroenterology & Hepatology, 2(4), 282-291. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5335683/ 

[27] Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary of an AASLD Single Topic 

Conference. Hepatology. 2003;37:1202–1219. 

[28] Sorbi D, Boynton J, Lindor KD. The ratio of aspartate aminotransferase to alanine aminotransferase: potential 

value in differentiating nonalcoholic steatohepatitis from alcoholic liver disease. Am J 

Gastroenterol. 1999;94:1018–1022. 

[29] Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary of an AASLD Single Topic 

Conference. Hepatology. 2003;37:1202–1219. 

[30] Mofrad P, Contos MJ, Haque M, et al. Clinical and histologic spectrum of nonalcoholic fatty liver disease 

associated with normal ALT values. Hepatology. 2003;37:1286–1292. 

[31] Turlin B, Mendler MH, Moirand R, Guyader D, Guillygomarc’h A, Deugnier Y. Histologic features of the liver 

in insulin resistance-associated iron overload: a study of 139 patients. Am J Clin Pathol. 2001;116:263–270. 

[32] Bugianesi E, Manzini P, D’Antico S, et al. Relative contribution of iron burden, HFE mutations, and insulin 

resistance to fibrosis in nonalcoholic fatty liver. Hepatology. 2004;39:179–187. 

[33] Jacobs JE, Birnbaum BA, Shapiro MA, et al. Diagnostic criteria for fatty infiltration of the liver on contrast -

enhanced helical CT. Am J Roentgenology. 1998;171:659–664. 

[34] Saadeh S, Younossi ZM, Remer EM, et al. The utility of radiological imaging in nonalcoholic fatty liver 

disease. Gastroenterology. 2002;123:745–750. 

[35] Szczepaniak LS, Nurenberg P, Leonard D, et al. Magnetic resonance spectroscopy to measure hepatic 

https://doi.org/10.3390/ijms22147571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5335683/


Aniket N Lalaji, Sattwik J Paul, Patel Dhruvi Pineshbhai, Ujjawal Sharma, Anas Jamsa 
 

pg. 84 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 11s 

 

triglyceride content: prevalence of hepatic steatosis in the general population. Am J Physiol. 2005;288:E462–

468. 

[36] Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence of hepatic steatosis in an urban population in the 

United States: impact of ethnicity. Hepatology. 2004;40:1387–1395. 

[37] Thomas EL, Hamilton G, Patel N, et al. Hepatic triglyceride content and its relation to body adiposity: a 

magnetic resonance imaging and proton magnetic resonance spectroscopy study. Gut. 2005;54:122–127. 

[38] Caldwell, S. (2017). NASH Therapy: Omega 3 supplementation, vitamin E, insulin sensitizers and statin drugs. 

Clinical and Molecular Hepatology, 23(2), 103-108. https://doi.org/10.3350/cmh.2017.0103 

[39] Amanullah I, Khan YH, Anwar I, Gulzar A, Mallhi TH, Raja AA. Effect of vitamin E in non-alcoholic fatty 

liver disease: a systematic review and meta-analysis of randomised controlled trials. Postgrad Med J. 2019 

Nov;95(1129):601–11. doi: 10.1136/postgradmedj-2018-136364. 

[40] Foster T, Budoff MJ, Saab S, Ahmadi N, Gordon C, Guerci AD. Atorvastatin and antioxidants for the treatment 

of nonalcoholic fatty liver disease: the St Francis Heart Study randomized clinical trial. Am J Gastroenterol. 

2011 Jan;106(1):71–7. doi: 10.1038/ajg.2010.299. 

[41] Zhang S, Ren X, Zhang B, Lan T, Liu B. A systematic review of statins for the treatment of nonalcoholic 

steatohepatitis: safety, efficacy, and mechanism of action. Molecules. 2024;29(8):1859. doi: 

10.3390/molecules29081859. 

[42] Torres-Peña JD, Martín-Piedra L, Fuentes-Jiménez F. Statins in non-alcoholic steatohepatitis. Front Cardiovasc 

Med. 2021;8:777131. doi: 10.3389/fcvm.2021.777131. 

 
 

https://doi.org/10.3350/cmh.2017.0103

